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COMPOUNDS AND METHODS FOR CANCER THERAPY 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to methods for modulating cell 
5 adhesion, and more particularly to cyclic peptides comprising a classical cadherin cell 
adhesion recognition sequence, and to the use of such cyclic peptides for cancer therapy. 

Description of the Related Art 

Cancer is a significant health problem throughout the world. Although 
advances have been made in detection and therapy of cancer, no universally successful 

10 method for prevention or treatment is currently available. Cancer therapy currently relies 
on a combination of early diagnosis and aggressive treatment, which may include 
radiotherapy, chemotherapy or hormone therapy. However, the toxicity of such treatments 
limits the use of presently available anticancer agents. The high mortality rate for many 
cancers indicates that improvements are needed in cancer prevention and treatment. 

15 Cell adhesion is a complex process that is important for tumor growth. Cell 

adhesion is mediated by specific cell surface adhesion molecules (CAMs). There are many 
different families of CAMs, including the immunoglobulin, integrin, selectin and cadherin 
superfamilies, and each cell type expresses a unique combination of these molecules. 
Cadherins are a rapidly expanding family of calcium-dependent CAMs (Munro et al, In: 

20 Cell Adhesion and Invasion in Cancer Metastasis, P. Brodt, ed., pp. 17-34, RG Landes 
Co.(Austin TX, 1996). The classical cadherins (abbreviated CADs) are integral membrane 
glycoproteins that generally promote cell adhesion through homophilic interactions (a CAD 
on the surface of one cell binds to an identical CAD on the surface of another cell), 
although CADs also appear to be capable of forming heterotypic complexes with one 

25 another under certain circumstances and with lower affinity. Cadherins have been shown 
to regulate epithelial, endothelial, neural and cancer cell adhesion, with different CADs 
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expressed on different cell types. N (neural) - cadherin is predominantly expressed by 
neural cells, endothelial cells and a variety of cancer cell types. E (epithelial) - cadherin is 
predominantly expressed by epithelial cells. Other CADs are P (placental) - cadherin, 
which is found in human skin and R (retinal) - cadherin. A detailed discussion of the 

5 classical cadherins is provided in Munro SB et al., 1996, In: Cell Adhesion and Invasion in 
Cancer Metastasis, P. Brodt, ed., pp.17-34 (RG Landes Company, Austin TX). 

The structures of the CADs are generally similar. As illustrated in Figure 1, 
CADs are composed of five extracellular domains (EC1-EC5), a single hydrophobic 
domain (TM) that transverses the plasma membrane (PM), and two cytoplasmic domains 

10 (CP1 and CP2). The calcium binding motifs DXNDN (SEQ ID NO:8), DXD and LDRE 
(SEQ ID NO:9) are interspersed throughout the extracellular domains. The first 
extracellular domain (EC1) contains the classical cadherin cell adhesion recognition (CAR) 
sequence, HAV (His-Ala-Val), along with flanking sequences on either side of the CAR 
sequence that may play a role in conferring specificity. Synthetic peptides containing the 

15 CAR sequence and antibodies directed against the CAR sequence have been shown to 
inhibit CAD-dependent processes (Munro et al., supra; Blaschuk et al, J. Mol. Biol. 
277:679-82, 1990; Blaschuk et al, Develop. Biol. 139:221-29, 1990; Alexander et al., J. 
Cell. Physiol. 75(5:610-18, 1993). The three-dimensional solution and crystal structures of 
the EC1 domain have been determined (Overduin et al., Science 267:386-389, 1995; 

20 Shapiro et al., Nature 374:327-337, 1 995). 

Interactions between cell adhesion molecules, such as classical cadherins, 
are responsible for binding of tumor cells to one another, as well as for angiogenesis (i.e., 
the growth of blood vessels from pre-existing blood vessels). Cancer tumors are solid 
masses of cells, growing out of control, which require nourishment via blood vessels, and 

25 the formation of new capillaries is a prerequisite for tumor growth and the emergence of 
metastases. Inhibition of undesirable cell adhesion mediated by classical cadherins has the 
potential to provide new therapeutic approaches for cancer therapy. However, to date, no 
such therapies are available. 
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Accordingly, there is a need in the art for improved cancer therapeutic 
agents that inhibit tumor growth by either modulating adhesion of cancer cells, or 
modulating the adhesion between the endothelial cells of both newly formed and pre- 
existing tumor blood vessels. The present invention fulfills this need and further provides 
5 other related advantages. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides cyclic peptides and methods for modulating 
cadherin-mediated cell adhesion. Within one aspect, the present invention provides 
modulating agents that inhibit cadherin-mediated cell adhesion. Such agents comprise the 
10 sequence His-Ala-Val within a cyclic peptide ring. Within one embodiment a modulating 
agent comprises a cyclic peptide having the formula: 

(Z 1 )-(Y 1 )-(X,)-His-Ala-Val-(X 2 )-(Y 2 )-(Z 2 ) 



wherein Xi, and X 2 are optional, and if present, are independently selected from the group 
consisting of amino acid residues and combinations thereof in which the residues are linked 
by peptide bonds, and wherein Xi and X 2 independently range in size from 0 to 10 
residues, such that the sum of residues contained within Xi and X 2 ranges from 1 to 12; 

20 wherein Yi and Y 2 are independently selected from the group consisting of amino acid 
residues, and wherein a covalent bond is formed between residues Yi and Y 2 ; and wherein 
Zi and Z 2 are optional, and if present, are independently selected from the group consisting 
of amino acid residues and combinations thereof in which the residues are linked by 
peptide bonds. Such cyclic peptides may comprise modifications such as an N-acetyl or N- 

25 alkoxybenzyl group and/or a C-terminal amide or ester group. Cyclic peptides may be 
cyclized via, for example, a disulfide bond; an amide bond between terminal functional 
groups, between residue side-chains or between one terminal functional group and one 
residue side chain; a thioether bond or 8i5i-ditryptophan, or a derivative thereof. 
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Certain modulating agents comprise a cyclic peptide having the formula: 

(X)-His-Ala-Val-(Y)-(Z) 

I i 

5 

wherein Y is optional and, if present is selected from the group consisting of amino acid 
residues and combinations thereof in which the residues are linked by peptide bonds, and 
wherein Y ranges in size from 0 to 10 residues; and wherein X and Z are independently 
selected from the group consisting of amino acid residues, wherein a disulfide bond is 

1 0 formed between residues X and Z; and wherein X comprises an N-acetyl group. 

Within specific embodiments, modulating agents as described above may be 
linked to a targeting agent and/or a drug. In addition, or alternatively, a modulating agent 
may further comprise one or more of: (a) a cell adhesion recognition sequence that is 
bound by an adhesion molecule other than a cadherin, wherein the cell adhesion 

15 recognition sequence is separated from any HAV sequence(s) by a linker; and/or (b) an 
antibody or antigen-binding fragment thereof that specifically binds to a cell adhesion 
recognition sequence bound by an adhesion molecule other than a cadherin. 

The present invention further provides pharmaceutical compositions 
comprising a cell adhesion modulating agent as described above, in combination with a 

20 pharmaceutical^ acceptable carrier. Such compositions may further comprise a drug. 
Alternatively, or in addition, such compositions may comprise: (a) a peptide comprising a cell 
adhesion recognition sequence that is bound by an adhesion molecule other than a cadherin; 
and/or (b) an antibody or antigen-binding fragment thereof that specifically binds to a cell 
adhesion recognition sequence bound by an adhesion molecule other than a cadherin. 

25 Within further aspects, methods for treating cancer and/or inhibiting 

metastasis of tumor cells in a mammal are provided, comprising administering to a 
mammal afflicted with cancer a cell adhesion modulating agent as described above. 

Within related aspects, methods are provided for decreasing the size of a 
tumor in a mammal, comprising administering to a mammal having a tumor a cell adhesion 

30 modulating agent as described above. 
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These and other aspects of the invention will become evident upon reference 
to the following detailed description and attached drawings. All references disclosed 
herein are hereby incorporated by reference in their entirety as if each were individually 
noted for incorporation. 

5 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a diagram depicting the structure of classical CADs. The five 
extracellular domains are designated EC1-EC5, the hydrophobic domain that transverses 
the plasma membrane (PM) is represented by TM, and the two cytoplasmic domains are 
represented by CP1 and CP2. The calcium binding motifs are shown by DXNDN (SEQ ID 
10 NO:8), DXD and LDRE (SEQ ID NO:9). The CAR sequence, HAV, is shown within EC1. 
Cytoplasmic proteins p-catenin (p), oc-catenin (a) and a-actinin (ACT), which mediate the 
interaction between CADs and microfilaments (MF) are also shown, 
y] Figure 2 provides the amino acid sequences of mammalian classical cadherin 

EC1 domains: human N-cadherin (SEQ ID NO:l), mouse N-cadherin (SEQ ID NO:2), cow 
15 N-cadherin (SEQ ID NO:3), human P-cadherin (SEQ ID NO :4), mouse P-cadherin (SEQ 
ID NO:5), human E-cadherin (SEQ ID NO:6) and mouse E-cadherin (SEQ ID NO:7). 

Figure 3 provides the structures of representative cyclic peptides of the 
present invention (structures on the left hand side), along with similar, but inactive, 
structures (on the right). 

20 Figures 4A-4F are photographs showing monolayer cultures of human 

ovarian cancer cells (SKOV3) in the presence (Figures 4A and D-F) and absence (Figure 
4C) of a representative cyclic peptide or in the presence of an inactive control peptide 
(Figure 4B). Figure 4A shows the cells 24 hours after being cultured in the presence of 500 
jig/mL N-Ac- CHAVC -NH? (10X magnification; SEQ ID NO: 10). Figure 4B shows the 
25 cells (10X magnification) 24 hours after being cultured in the presence of the control 
peptide N-Ac-CHGVC-NH 2 (SEQ ID NO:ll). Figure 4C shows the cells (10X 
magnification) in the absence of cyclic peptide. Figures 4D-F show the cells (20X 
magnification) 48 hours after exposure to N-Ac- CHAVC -NH? (SEQ ID NO: 10) at 
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concentrations of 1 mg/mL, 100 ng/mL and 10 fxg/mL, respectively. Note that the SKOV3 
cells retract from one another and round-up when cultured in the presence of N-Ac- 
CHAVC -NH? (SEQ ID NO: 10), 

Figures 5 A and 5B are photographs showing monolayer cultures of human 
5 ovarian cancer cells (SKOV3) 24 hours after exposure to 500jag/mL of the representative 
cyclic peptide N-Ac- CHAVC -NH? (SEQ ID NO: 10) (Figure 5 A) or the control peptide N- 
Ac- CHGVC -NH? (Figure 5B; SEQ ID NO: 11). Note that the SKOV3 cells round-up when 
cultured in the presence of 0.5 mg/ml N-Ac- CHAVC -NH? (SEQ ID NO: 10). 

Figures 6A-6C are photographs showing monolayer cultures of human 
10 ovarian cancer cells (OVCAR3) in the presence of varying concentrations of a 
representative cyclic peptide. Figure 6A shows the cells 24 hours after being cultured in 
the presence of 1 mg/ml of N-Ac- CHAVSC -NH? (SEQ ID NO:25). Figure 6B shows the 

O cells 24 hours after being cultured in the presence of 100 j^g/ml of N-Ac- CHAVSC -NH? 

o 

Wj (SEQ ID NO:25). Figure 6C shows the cells 24 hours after being cultured in the presence 

g 15 of 1 0 ug/ml of N-Ac- CHAVSC -NH? (SEQ ID NO:25). Note that the cells retract form one 
fU another in the presence of 100 ug/ml of N-Ac-CHAVSC-NH 2 (SEQ ID NO:25), whereas 

s they round up in the presence of 1 mg/ml of this peptide. 

Figures 7A and 7B are photographs showing cultures of human melanoma 
fU ME115 cells in the presence (Figure 7B) and absence (Figure 7 A) of a representative cyclic 

q 20 peptide. The cells were immunolabeled for N-cadherin. Figure 7B shows the cells 48 
lu hours after being cultured in the presence of 500 |ug/ml of N-Ac- CHAVC -NH? (SEQ ID 

NO: 10). Figure 7A shows untreated cultures of human melanoma ME115 cells. Note that 
N-cadherin is localized in intracellular vesicles in cells treated with peptide, whereas it is 
present at the surface in the untreated cells. 
25 Figures 8A and 8B are photographs showing monolayer cultures of A1N4 

human breast epithelial cells in the presence (Figure 8B) and absence (Figure 8A) of a 
representative cyclic peptide. The cells have been immunolabeled for E-cadherin. Figure 
8B shows the cells 48 hours after being cultured in the presence of 500 |ug/ml of N-Ac- 
CHAVC -NH? (SEQ ID NO: 10). Figure 8A shows untreated monolayer cultures of A1N4 
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human breast epithelial cells. Note that the distribution of E-cadherin is non-contiguous in 
cells treated with the cyclic peptide. Furthermore, gaps have appeared in the monolayer of 
cells treated with the peptide. 

Figure 9 is a graph illustrating the results of a study to assess the chronic 
toxicity of a representative cyclic peptide. The graph presents the mean body weight 
during the three-day treatment period (one intraperitoneal injection per day) and the four 
subsequent recovery days. Three different doses are illustrated, as indicated. 

Figure 10 is a graph illustrating the stability of a representative cyclic 
peptide in mouse whole blood. The percent of the cyclic peptide remaining in the blood 
was assayed at various time points, as indicated. 

Figures 11A and 1 IB are photographs of human ovarian tumors grown in 
nude mice. Human ovarian cancer cells (SKOV3) were injected subcutaneously into nude 
mice. Tumors were grown to a size of 4 mm. Animals were then injected intraperitoneally, 
on four consecutive days, with 20 mg/kg of the representative cyclic peptide N-Ac- 
CHAVC -NH? (Figure 11B; SEQ ID NO: 10) or saline (Figure 11 A). Mice were sacrificed, 
and tumor tissue was sectioned and stained with hematoxylin/eosin. 

Figure 12 is a graph showing the relative tumor volume change for human 
ovarian tumors in nude mice following intraperitoneal injection for four consecutive days 
as indicated, with 20 mg/kg of the representative cyclic peptide N-Ac- CHAVC -NH? (solid 
squares; SEQ ID NO: 10) or saline (open squares). 

Figures 13 A and 13B are photographs of human ovarian tumors grown in 
nude mice. Animals were injected intraperitoneally, on four consecutive days, with 2 
mg/kg of the representative cyclic peptide modulating agent N-Ac- CHAVC -NH? (Figure 
13A; SEQ ID NO:10) or saline (Figure 13B). Mice were sacrificed 24 hours after the last 
injection, and tumor tissue was sectioned and stained with hematoxylin/eosin. 

Figure 14 is a photograph of a human ovarian tumor grown in a nude mouse, as 
described for Figure 13 A, showing leakage of red blood cells into the tumor mass. 

Figure 15 is a photograph of a human ovarian tumor grown in a nude 
mouse, as described for Figure 13 A, showing a blood vessel that has been breached. 



Figure 16 is a photograph of a human ovarian tumor grown in a nude 
mouse, as described for Figure 13B (i.e., untreated tumor), where the tumor section is 
stained for Von Willebrand Factor VIII. 

Figure 17 is a photograph of a human ovarian tumor grown in a nude 
5 mouse, as described for Figure 13A (Le., tumor treated with the representative cyclic 
peptide modulating agent N-Ac- CHAVC -NH? (SEQ ID NO: 10)), where the tumor section 
is stained for Von Willebrand Factor VIIL 

Figures 18A-18D are photographs illustrating the ability of a representative 
cyclic peptide to induce apoptosis in cancer cells. SKOV3 human ovarian cancer cells 

10 containing either N-Ac- CHAVC -NH? (SEQ ID NO:10) or a control peptide (N-Ac- 
CHGVC -NFb; SEQ ID NO:ll) in MEM with 10% FBS were plated onto poly-L-lysine 
coated glass slides. The cells were cultured for 48 hours and fixed with 4% 
paraformaldehyde for 30 minutes at room temperature. The slides were then washed three 
times with PBS and assessed for cell death using the In situ cell death detection kit 

15 (Boehringer Mannheim; Laval, Quebec). Figures 18A and 18B show SKOV3 cells treated 
for 48 hours with the control peptide N-Ac- CHGVC -NH? (SEQ ID NO: 11) at a 
concentration of 0.5 mg/mL (Figure 18 A) or 0.25 mg/mL (Figure 18B). Figures 18C and 
18D show SKOV3 cells treated for 48 hours with N-Ac- CHAVC -NH? (SEQ ID NO: 10) at 
a concentration of 0.5 mg/mL (Figure 18C) or 0.25 mg/mL (Figure 18D). The fluorescent 

20 green nuclei in Figures 18C and 18D indicate cell death. 

Figure 19 is a histogram showing the percentage of dead cells following 
treatment with a representative cyclic peptide or a control peptide. SKOV human ovarian 
cancer cells containing either N-Ac- CHAVC -NH? (SEQ ID NO: 10) or a control peptide (N- 
Ac- CHGVC -NH?: SEQ ID NO: 11) in MEM with 10% FBS were plated onto poly-L-lysine 

25 coated glass slides. The cells were cultured for 24 or 48 hours and fixed with 4% 
paraformaldehyde for 30 minutes at room temperature. The slides were then washed three 
times with PBS and assessed for cell death. Cells were treated with 0.5 or 0.25 mg/mL of N- 
Ac- CHAVC -NH? (SEQ ID NO:10) or the control N-Ac- CHGVC -NH? (SEQ ID NOrll). as 
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indicated. Cell death was measured as described by Gavrieli et al, 1 Cell Biol 779:493-501, 
1 992 and using the In situ cell death detection kit (Boehringer Mannheim; Laval, Quebec). 

DETAILED DESCRIPTION OF THE INVENTION 

As noted above, the present invention provides cell adhesion modulating 
agents comprising cyclic peptides that are capable of modulating cadherin-mediated 
processes, such as cell adhesion. In general, to modulate cadherin-mediated cell adhesion, a 
cadherin-expressing cell is contacted with a cell adhesion modulating agent (also referred to 
herein as a "modulating agent") either in vivo or in vitro. A modulating agent comprises a 
cyclic peptide that contains the classical cadherin cell adhesion recognition (CAR) sequence 
HAV (ie. f His-Ala-Val). Such modulating agents may further comprise one or more 
additional CAR sequences and/or an antibody (or antigen-binding fragment thereof) that 
specifically binds to a cadherin CAR sequence, as described below. Modulating agents 
generally inhibit adhesion of classical cadherin-expressing cells and may be used, for 
example, to treat diseases or other conditions characterized by undesirable cell adhesion. 

Cell Adhesion Modulating Agents 

The term "cell adhesion modulating agent," as used herein, refers to a 
molecule comprising at least one cyclic peptide that contains a cadherin cell adhesion 
recognition (CAR) sequence, generally HAV (His-Ala-Val). The term "cyclic peptide," as 
used herein, refers to a peptide or salt thereof that comprises (1) an intramolecular covalent 
bond between two non-adjacent residues and (2) at least one cadherin CAR sequence. The 
intramolecular bond may be a backbone to backbone, side-chain to backbone or side-chain 
to side-chain bond {i.e., terminal functional groups of a linear peptide and/or side chain 
functional groups of a terminal or interior residue may be linked to achieve cyclization). 
Preferred intramolecular bonds include, but are not limited to, disulfide, amide and 
thioether bonds. In addition to the cadherin CAR sequence HAV, a modulating agent may 
comprise additional CAR sequences, which may or may not be cadherin CAR sequences, 
and/or antibodies or fragments thereof that specifically recognize a CAR sequence. 



Additional CAR sequences may be present within the cyclic peptide containing the HAV 
sequence, within a separate cyclic peptide component of the modulating agent and/or in a 
non-cyclic portion of the modulating agent. Antibodies and antigen-binding fragments 
thereof are typically present in a non-cyclic portion of the modulating agent. 
5 Within certain embodiments, a cyclic peptide preferably comprises an N- 

acetyl group (i.e., the amino group present on the amino terminal residue of the peptide 
prior to cyclization is acetylated). It has been found, within the context of the present 
invention, that the presence of such an acetyl group may enhance cyclic peptide activity for 
certain applications. 

10 In addition to the CAR sequence(s), cyclic peptides generally comprise at 

least one additional residue, such that the size of the cyclic peptide ring ranges from 4 to 
about 15 residues, preferably from 5 to 10 residues. Such additional residue(s) may be 
present on the N-terminal and/or C-terminal side of a CAR sequence, and may be derived 
from sequences that flank the HAV sequence within one or more naturally occurring 

15 cadherins (e.g., N-cadherin, E-cadherin, P-cadherin, R-cadherin or other cadherins 
containing the HAV sequence) with or without amino acid substitutions and/or other 
modifications. Flanking sequences for endogenous E-, P- and R-cadherin are shown in 
Figure 2, and in SEQ ID NOs: 1 to 7. Database accession numbers for representative 
naturally occurring cadherins are as follows: human N-cadherin M34064, mouse N- 

20 cadherin M31131 and M22556, cow N-cadherin X53615, human P-cadherin X63629, 
mouse P-cadherin X06340, human E-cadherin Z13009, mouse E-cadherin X06115. 
Alternatively, additional residues present on one or both sides of the CAR sequence(s) may 
be unrelated to an endogenous sequence (e.g., residues that facilitate cyclization). 

Preferred modulating agents include those that disrupt N-cadherin mediated cell 

25 adhesion. Such modulating agents may, for example, comprise a cyclic peptide such as N-Ac- 
CHAVC -NH? (SEQ ID NO:10), N-Ac -CHAVDC -NH? (SEQ ID NO:16), N-Ac- CHAVDIC - 
NH 2 (SEQ ID NO:31), N-Ac- CHAVDINC -NH, (SEQ ID NO:32), N-Ac -CHAVDINGC -NH, 
(SEQ ID NO:55), N-Ac- CAHAVC -NH, (SEQ ID NO: 17), N-Ac- CAHAVDC -NH? (SEQ ID 
NO: 19), N-Ac- CAHAVDIC -NH. (SEQ ID NO: 18), N-Ac- CRAHAVDC (SEQ ID NO:20), N- 
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Ac- CLRAHAVC -NH? (SEQ ID N0:21), N-Ac- CLRAHAVDC -NH. (SEQ ID NO:22), N-Ac- 
CSHAVC -NH? (SEQ ID NO:24), N-Ac-CHAVSC-NH 2 (SEQ ID NO:25) 5 N-Ac- CSHAVSC - 
NH 2 (SEQ ID NO:26), N-Ac- CSHAVSSC -NH? (SEQ ID NO:27), N-Ac -CHAVSSC (SEQ ID 
NO:28), N-Ac -KHAVD -NH? (SEQ ID N0:12), N-Ac- DHAVK -NH? (SEQ ID NO: 13), N-Ac- 
KHAVE -NH? (SEQ ED NO: 14), N-Ac -AHAVDI -NH? (SEQ ID NO:23), N-Ac- SHAVDSS - 
NH 2 (SEQ ID NO:56), N-Ac- KSHAVSSD -NH, (SEQ ID NO:30) and derivatives thereof, 
including derivatives without the N-acetyl group. 

Within certain preferred embodiments, as discussed below, relatively small 
cyclic peptides that do not contain significant sequences flanking the HAV sequence are 
preferred for modulating N-cadherin and E-cadherin mediated cell adhesion. Such peptides 
may contain an N-acetyl group and a C-amide group (e.g., the 5-residue ring N-Ac- 
CHAVC -NH, (SEQ ID NO: 10) or N-Ac- KHAVD -NH? (SEQ ID NO: 12)). The finding, 
within the present invention, that such relatively small cyclic peptides may be effective and 
all-purpose inhibitors of cell adhesion represents a unexpected discovery. Such cyclic 
peptides can be thought of as "master keys" that fit into peptide binding sites of each of the 
different classical cadherins, and are preferred for disrupting adhesion of certain cancer 
cells and endothelial cells. Small cyclic peptides may generally be used to specifically 
modulate cell adhesion by topical administration or by systemic administration, with or 
without linking a targeting agent to the peptide, as discussed below. 

Within other preferred embodiments, a cyclic peptide may contain 
sequences that flank the HAV sequence on one or both sides that are designed to confer 
specificity for cell adhesion mediated by one or more specific cadherins, resulting in tissue 
and/or cell-type specificity. Suitable flanking sequences for conferring specificity include, 
but are not limited to, endogenous sequences present in one or more naturally occurring 
cadherins, and cyclic peptides having specificity may be identified using the representative 
screens provided herein. For example, it has been found, within the context of the present 
invention, that cyclic peptides that contain additional residues derived from the native E- 
cadherin sequence on the C-terminal side of the CAR sequence are specific for epithelial 
cells (i.e., such peptides disrupt E-cadherin mediated cell adhesion to a greater extent than 
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they disrupt N-cadherin expression). The addition of appropriate endogenous sequences 
may similarly result in peptides that disrupt N-cadherin mediated cell adhesion. For 
example, it has been found within the context of the present invention, that cyclic peptides 
that contain additional residues derived from the native N-cadherin sequence on the C- 
terminal side of the CAR sequence are specific for N-cadherin expressing cells. 

To facilitate the preparation of cyclic peptides having a desired specificity, 
nuclear magnetic resonance (NMR) and computational techniques may be used to 
determine the conformation of a peptide that confers a known specificity. NMR is widely 
used for structural analysis of molecules. Cross-peak intensities in nuclear Overhauser 
enhancement (NOE) spectra, coupling constants and chemical shifts depend on the 
conformation of a compound. NOE data provide the interproton distance between protons 
through space and across the ring of the cyclic peptide. This information may be used to 
facilitate calculation of the lowest energy conformation for the HAV sequence. 
Conformation may then be correlated with tissue specificity to permit the identification of 
peptides that are similarly tissue specific or have enhanced tissue specificity. 

As noted above, multiple CAR sequences may be present within a modulating 
agent. CAR sequences that may be included within a modulating agent are any sequences 
specifically bound by an adhesion molecule. As used herein, an "adhesion molecule" is any 
molecule that mediates cell adhesion via a receptor on the cell's surface. Adhesion molecules 
include members of the cadherin gene superfamily that are not classical cadherins (e.g., 
proteins that do not contain an HAV sequence and/or one or more of the other characteristics 
recited above for classical cadherins), such as desmogleins (Dsg) and desmocollins (Dsc); 
integrins; and other uncategorized transmembrane proteins, such as occludin, as well as 
extracellular matrix proteins such as laminin, fibronectin, collagens, vitronectin, entactin and 
tenascin. Preferred CAR sequences for inclusion within a modulating agent include (a) Arg- 
Gly-Asp (RGD), which is bound by integrins (see Cardarelli et al., J. Biol Chem. 267:23159- 
64, 1992); (b) the occludin CAR sequence LYHY (SEQ ID NO:35); (c) the CAR sequence 
for junctional adhesion molecule (JAM) SFTIDPKSG (SEQ ID NO:57) or DPK; (d) claudin 
CAR sequences comprising at least four consecutive amino acids present within a claudin 
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region that has the formula: Trp-Lys/Arg-Aaa-Baa-Ser/Ala-Tyr/Phe-Caa-Gly (SEQ ID 
NO:36), wherein Aaa, Baa and Caa indicate independently selected amino acid residues; 
Lys/Arg is an amino acid that is lysine or arginine; Ser/Ala is an amino acid that is serine or 
alanine; and Tyr/Phe is an amino acid that is tyrosine or phenylalanine; and (e) nonclassical 
5 cadherin CAR sequences comprising at least three consecutive amino acids present within a 
nonclassical cadherin region that has the formula: Aaa-Phe-Baa-Ile/Leu/Val-Asp/Asn/Glu- 
Caa-Daa-Ser/Thr/Asn-Gly (SEQ ID NO:37), wherein Aaa, Baa, Caa and Daa are 
independently selected amino acid residues; Ile/Leu/Val is an amino acid that is selected from 
the group consisting of isoleucine, leucine and valine, Asp/Asn/Glu is an amino acid that is 

10 selected from the group consisting of aspartate, asparagine and glutamate; and Ser/Thr/Asn is 
an amino acid that is selected from the group consisting of serine, threonine or asparagine. 
Representative claudin CAR sequences include IYSY (SEQ ID NO:38), TSSY (SEQ ID 
NO:39), VTAF (SEQ ID NO:40) and VSAF (SEQ ID NO:41). Representative nonclassical 
cadherin CAR sequences include the VE-cadherin (cadherin-5) CAR sequence DAE; the 

15 OB-cadherin (cadherin-11) CAR sequences DDK, EEY and EAQ; and the dsg CAR 
sequences NQK, NRN and NKD; the dsc CAR sequences EKD and ERD. 

Linkers may, but need not, be used to separate CAR sequences and/or 
antibody sequences within a modulating agent. A linker may be any molecule (including 
peptide and/or non-peptide sequences as well as single amino acids or other molecules), 

20 that does not contain a CAR sequence and that can be covalently linked to at least two 
peptide sequences. Using a linker, HAV-containing cyclic peptides and other peptide or 
protein sequences may be joined head-to-tail (i.e., the linker may be covalently attached to 
the carboxyl or amino group of each peptide sequence), head-to-side chain and/or tail-to- 
side chain. Modulating agents comprising one or more linkers may form linear or 

25 branched structures. Within one embodiment, modulating agents having a branched 
structure comprise three different CAR sequences, such as RGD, YIGSR (SEQ ID NO:33) 
and HAV, one or more of which are present within a cyclic peptide. Within another 
embodiment, modulating agents having a branched structure comprise RGD, YIGSR (SEQ 
ID NO:33), HAV and KYSFNYDGSE (SEQ ID NO:34). In a third embodiment, 
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modulating agents having a branched structure comprise HAV and LYHY (SEQ ID 
NO:35), along with one or more of NQK, NRN, NKD, EKD and ERD. Bi-functional 
modulating agents that comprise an HAV sequence with flanking E-cadherin-specific 
sequences joined via a linker to an HAV sequence with flanking N-cadherin-specific 
sequences are also preferred for certain embodiments. 

Linkers preferably produce a distance between CAR sequences between 0.1 
to 10 5 000 nm, more preferably about 0.1-400 nm, A separation distance between 
recognition sites may generally be determined according to the desired function of the 
modulating agent. In general, the linker distance should be small (0.1-400 nm). One linker 
that can be used for such purposes is (H2N(CH2) n C02H) m , or derivatives thereof, where n 
ranges from 1 to 10 and m ranges from 1 to 4000. For example, if glycine (H2NCH2CO2H) 
or a multimer thereof is used as a linker, each glycine unit corresponds to a linking distance 
of 2.45 angstroms, or 0.245 nm, as determined by calculation of its lowest energy 
conformation when linked to other amino acids using molecular modeling techniques. 
Similarly, aminopropanoic acid corresponds to a linking distance of 3.73 angstroms, 
aminobutanoic acid to 4.96 angstroms, aminopentanoic acid to 6.30 angstroms and amino 
hexanoic acid to 6.12 angstroms. Other linkers that may be used will be apparent to those 
of ordinary skill in the art and include, for example, linkers based on repeat units of 2,3- 
diaminopropanoic acid, lysine and/or ornithine. 2,3-Diaminopropanoic acid can provide a 
linking distance of either 2.51 or 3.11 angstroms depending on whether the side-chain 
amino or terminal amino is used in the linkage. Similarly, lysine can provide linking 
distances of either 2.44 or 6.95 angstroms and ornithine 2.44 or 5.61 angstroms. Peptide 
and non-peptide linkers may generally be incorporated into a modulating agent using any 
appropriate method known in the art. 

Modulating agents may contain one HAV sequence or multiple HAV 
sequences, which may be adjacent to one another (ie., without intervening sequences) or in 
close proximity (i.e., separated by peptide and/or non-peptide linkers to give a distance 
between the CAR sequences that ranges from about 0.1 to 400 nm). Within one such 
embodiment, the cyclic peptide contains two HAV sequences. Such a modulating agent may 
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additionally comprise a CAR sequence for one or more different adhesion molecules 
(including, but not limited to, other CAMs) and/or one or more antibodies or fragments 
thereof that bind to such sequences. Linkers may, but need not, be used to separate such 
CAR sequence(s) and/or antibody sequence(s) from the HAV sequence(s) and/or each other. 
5 Such modulating agents may generally be used within methods in which it is desirable to 
simultaneously disrupt cell adhesion mediated by multiple adhesion molecules. Within 
certain preferred embodiments, the second CAR sequence is derived from fibronectin and is 
recognized by an integrin (i.e., RGD; see Cardarelli et al, J. Biol. Chem. 267:23159-23164, 
1992), or is an occludin CAR sequence (e.g., LYHY; SEQ ID NO:35). One or more 

1 0 antibodies, or fragments thereof, may similarly be used within such embodiments. 

Modulating agents and cyclic peptides as described herein may comprise 
residues of L-amino acids, D-amino acids, or any combination thereof. Amino acids may be 
from natural or non-natural sources, provided that at least one amino group and at least one 
carboxyl group are present in the molecule; a- and p-amino acids are generally preferred. 

15 The 20 L-amino acids commonly found in proteins are identified herein by the conventional 
three-letter or one-letter abbreviations indicated in Table 1, and the corresponding D-amino 
acids are designated by a lower case one letter symbol. Modulating agents and cyclic 
peptides may also contain one or more rare amino acids (such as 4-hydroxyproline or 
hydroxylysine), organic acids or amides and/or derivatives of common amino acids, such as 

20 amino acids having the C-terminal carboxylate esterified (e.g., benzyl, methyl or ethyl ester) 
or amidated and/or having modifications of the N-terminal amino group (e.g., acetylation or 
alkoxycarbonylation), with or without any of a wide variety of side-chain modifications 
and/or substitutions (e.g., methylation, benzylation, t-butylation, tosylation, 
alkoxycarbonylation, and the like). Preferred derivatives include amino acids having an N- 

25 acetyl group (such that the amino group that represents the N-terminus of the linear peptide 
prior to cyclization is acetylated) and/or a C-terminal amide group (i.e., the carboxy terminus 
of the linear peptide prior to cyclization is amidated). Residues other than common amino 
acids that may be present with a cyclic peptide include, but are not limited to, penicillamine, 
P,(3-tetramethylene cysteine, p,p-pentamethylene cysteine, p-mercaptopropionic acid, p,p- 
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pentamethylene-p-mercaptopropionic acid, 2-mercaptobenzene, 2-mercaptoaniline, 2- 
mercaptoproline, ornithine, diaminobutyric acid, a-aminoadipic acid, m- 
aminomethylbenzoic acid and a,(5-diaminopropionic acid. 



Table 1 

Amino acid one-letter and three-letter abbreviations 



A 


Ala 


Alanine 


R 


Arg 


Arginine 


D 


Asp 


Aspartic acid 


N 


Asn 


Asparagine 


C 


Cys 


Cysteine 


Q 


Gin 


Glutamine 


E 


Glu 


Glutamic acid 


G 


Gly 


Glycine 


H 


His 


Histidine 


I 


He 


Isoleucine 


L 


Leu 


Leucine 


K 


Lys 


Lysine 


M 


Met 


Methionine 


F 


Phe 


Phenylalanine 


P 


Pro 


Proline 


S 


Ser 


Serine 


T 


Thr 


Threonine 


W 


Trp 


Tryptophan 


Y 


Tyr 


Tyrosine 


V 


Val 


Valine 



Modulating agents and cyclic peptides as described herein may be 
synthesized by methods well known in the art, including recombinant DNA methods and 
chemical synthesis. Chemical synthesis may generally be performed using standard 
solution phase or solid phase peptide synthesis techniques, in which a peptide linkage 
occurs through the direct condensation of the a-amino group of one amino acid with the a- 
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carboxy group of the other amino acid with the elimination of a water molecule. Peptide 
bond synthesis by direct condensation, as formulated above, requires suppression of the 
reactive character of the amino group of the first and of the carboxyl group of the second 
amino acid. The masking substituents must permit their ready removal, without inducing 
5 breakdown of the labile peptide molecule. 

In solution phase synthesis, a wide variety of coupling methods and 
protecting groups may be used {see Gross and Meienhofer, eds., "The Peptides: Analysis, 
Synthesis, Biology," Vol. 1-4 (Academic Press, 1979); Bodansky and Bodansky, "The 
Practice of Peptide Synthesis," 2d ed. (Springer Verlag, 1994)). In addition, intermediate 
10 purification and linear scale up are possible. Those of ordinary skill in the art will 
appreciate that solution synthesis requires consideration of main chain and side chain 
protecting groups and activation method. In addition, careful segment selection is 
0 necessary to minimize racemization during segment condensation. Solubility 

Ifj considerations are also a factor. 

it 15 Solid phase peptide synthesis uses an insoluble polymer for support during 

fU organic synthesis. The polymer-supported peptide chain permits the use of simple washing 

s and filtration steps instead of laborious purifications at intermediate steps. Solid-phase 

'Tt peptide synthesis may generally be performed according to the method of Merrifield et al, 

i"w 1 Am. Chem. Soc. 55:2149, 1963, which involves assembling a linear peptide chain on a 

□ 20 resin support using protected amino acids. Solid phase peptide synthesis typically utilizes 
either the Boc or Fmoc strategy. The Boc strategy uses a 1% cross-linked polystyrene 
resin. The standard protecting group for oc-amino functions is the tert-butyloxycarbonyl 
(Boc) group. This group can be removed with dilute solutions of strong acids such as 25% 
trifluoroacetic acid (TFA). The next Boc-amino acid is typically coupled to the amino acyl 
25 resin using dicyclohexylcarbodiimide (DCC). Following completion of the assembly, the 
peptide-resin is treated with anhydrous HF to cleave the benzyl ester link and liberate the 
free peptide. Side-chain functional groups are usually blocked during synthesis by benzyl- 
derived blocking groups, which are also cleaved by HF. The free peptide is then extracted 
from the resin with a suitable solvent, purified and characterized. Newly synthesized 
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peptides can be purified, for example, by gel filtration, HPLC, partition chromatography 
and/or ion-exchange chromatography, and may be characterized by, for example, mass 
spectrometry or amino acid sequence analysis. In the Boc strategy, C-terminal amidated 
peptides can be obtained using benzhydrylamine or methylbenzhydrylamine resins, which 
5 yield peptide amides directly upon cleavage with HR 

In the procedures discussed above, the selectivity of the side-chain blocking 
groups and of the peptide-resin link depends upon the differences in the rate of acidolytic 
cleavage. Orthoganol systems have been introduced in which the side-chain blocking groups 
and the peptide-resin link are completely stable to the reagent used to remove the ot- 
10 protecting group at each step of the synthesis. The most common of these methods involves 
the 9-fluorenylmethyloxycarbonyl (Fmoc) approach. Within this method, the side-chain 
protecting groups and the peptide-resin link are completely stable to the secondary amines 
□ used for cleaving the N-a-Fmoc group. The side-chain protection and the peptide-resin link 

[f] are cleaved by mild acidolysis. The repeated contact with base makes the Merrifield resin 

jj' 15 unsuitable for Fmoc chemistry, and p-alkoxybenzyl esters linked to the resin are generally 
FU used. Deprotection and cleavage are generally accomplished using TFA. 

Those of ordinary skill in the art will recognize that, in solid phase 
H synthesis, deprotection and coupling reactions must go to completion and the side-chain 

^ blocking groups must be stable throughout the entire synthesis. In addition, solid phase 

Q 20 synthesis is generally most suitable when peptides are to be made on a small scale. 

fU 

Acetylation of the N-terminal can be accomplished by reacting the final 
peptide with acetic anhydride before cleavage from the resin. C-amidation is accomplished 
using an appropriate resin such as methylbenzhydrylamine resin using the Boc technology. 

Following synthesis of a linear peptide, with or without N-acetylation and/or 
25 C-amidation, cyclization may be achieved by any of a variety of techniques well known in 
the art. Within one embodiment, a bond may be generated between reactive amino acid 
side chains. For example, a disulfide bridge may be formed from a linear peptide 
comprising two thiol-containing residues by oxidizing the peptide using any of a variety of 
methods. Within one such method, air oxidation of thiols can generate disulfide linkages 



18 



over a period of several days using either basic or neutral aqueous media. The peptide is 
used in high dilution to minimize aggregation and intermolecular side reactions. This 
method suffers from the disadvantage of being slow but has the advantage of only 
producing H2O as a side product. Alternatively, strong oxidizing agents such as h and 
KsFe(CN)6 can be used to form disulfide linkages. Those of ordinary skill in the art will 
recognize that care must be taken not to oxidize the sensitive side chains of Met, Tyr, Trp 
or His. Cyclic peptides produced by this method require purification using standard 
techniques, but this oxidation is applicable at acid pHs. By way of example, strong 
oxidizing agents can be used to perform the cyclization shown below (SEQ ID NOs: 58 
and 42), in which the underlined portion is cyclized: 

FmocCysAsp(t-Bu)GlyTyr(t-Bu)ProLys(Boc)Asp(t-Bu)CysLys(t-Bu)Gly-OMe -» 
Fmoc CysAspft-Bu)GlyTyr(t-Bu)ProLys(Bo 

Oxidizing agents also allow concurrent deprotection/oxidation of suitable S- 
protected linear precursors to avoid premature, nonspecific oxidation of free cysteine, as 
shown below (SEQ ID NOs: 43 and 44), where X and Y = S-Trt or S-Acm: 

BocCys(X)GlyAsnLeuSer(t-Bu)Thr(t-Bu)Cys(Y)MetLeuGlyOH -> 
Boc CysGlyAsnLeuSer(t-Bu)ThrfrBu)Cvs MetLeuGlvOH 

DMSO, unlike I2 and KsFe(CN)6 , is a mild oxidizing agent which does not 
cause oxidative side reactions of the nucleophilic amino acids mentioned above. DMSO is 
miscible with H2O at all concentrations, and oxidations can be performed at acidic to 
neutral pHs with harmless byproducts. Methyltrichlorosilane-diphenylsulfoxide may 
alternatively be used as an oxidizing agent, for concurrent deprotection/oxidation of S- 
Acm, S-Tacm or S-t-Bu of cysteine without affecting other nucleophilic amino acids. There 
are no polymeric products resulting from intermolecular disulfide bond formation. In the 
example below (SEQ ID NOs: 45 and 46), X is Acm, Tacm or t-Bu: 
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H-Cys(X)TyrIleGlnAsnCys(X)ProLeuGly-NH 2 
H- CvsTyrlleGlnAsnCys ProLeuGly-NH? 



5 Suitable thiol-containing residues for use in such oxidation methods include, 

but are not limited to, cysteine, p,p-dimethyl cysteine (penicillamine or Pen), [3,(3- 
tetramethylene cysteine (Tmc), p,p-pentamethylene cysteine (Pmc), p-mercaptopropionic 
acid (Mpr), p,p-pentamethylene-p-mercaptopropionic acid (Pmp), 2-mercaptobenzene, 2- 
mercaptoaniline and 2-mercaptoproline. Peptides containing such residues are illustrated 
10 by the following representative formulas, in which the underlined portion is cyclized, N- 
acetyl groups are indicated by N-Ac and C-terminal amide groups are represented by -NH 2 : 







i) 


N-Ac-Cvs-His-Ala-Val-Cvs-NH? (SEO ID NO: 10) 


fj 




«) 


N-Ac-Cvs-Ala-His-Ala-Val-Asp-Ile-Cvs-NH? (SEO ID NO: 18) 


ri 

y 


15 


iii) 


N-Ac-Cvs-Ser-His-Ala-Val-Cvs-NH 7 (SEO ID NO:24) 


U 




iv) 


N-Ac-Cvs-His-Ala-Val-Ser-Cvs-NH 7 (SEO ID NO:25) 






v) 


N-Ac-Cvs-Ala-His-Ala-Val-Aso-Cvs-NH, (SEO ID NO: 19) 






vi) 


N-Ac-Cvs-Ser-His-Ala-Val-Ser-Ser-Cvs-NH 7 (SEO ID NO:27) 






vii) 


N-Ac-Cvs-His-Ala-Val-Ser-Cvs-OH (SEO ID NO:25) 




20 


viii) 


H-Cvs-Ala-His-Ala-Val-AsD-Cvs-NH9 (SEO ID NO: 19) 


y 




ix) 


N-Ac-Cvs-His-Ala-Val-Pen-NH? (SEO ID NO:47) 






x) 


N-Ac-Ile-Tmc-Tvr-Ser-His-Ala-Val-Ser-Cvs-Glu-NH? (SEO ID NO:48) 






xi) 


N-Ac-Ile-Pmc-Tvr-Ser-His-Ala-Val-Ser-Ser-Cvs-NH9 (SEO ID NO:49) 






xii) 


Mpr-Tvr-Ser-His-Ala-Val-Ser-Ser-Cvs-NH, (SEO ID NO:50) 




25 


xiii) 


Pmp-Tvr-Ser-His-Ala-Val-Ser-Ser-Cvs-NH9 (SEO ID NO:51) 






xii) 





o 
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xiii) 




k/ NH 

5 It will be readily apparent to those of ordinary skill in the art that, within 

each of these representative formulas, any of the above thiol-containing residues may be 
employed in place of one or both of the thiol-containing residues recited. 

Within another embodiment, cyclization may be achieved by amide bond 
formation. For example, a peptide bond may be formed between terminal functional 
Z 10 groups (i.e., the amino and carboxy termini of a linear peptide prior to cyclization). Two 
5 such cyclic peptides are AHAVDI (SEQ ID NO:23) and SHAVSS (SEQ ID NO:29), with 

CO or without an N-terminal acetyl group and/or a C-terminal amide. Within another such 

embodiment, the linear peptide comprises a D-amino acid (e.g., HAVsS: SEQ ID NO:52). 
H Alternatively, cyclization may be accomplished by linking one terminus and a residue side 

Q 1 5 chain or using two side chains, as in KHAVD (SEQ ID NO: 1 2) or KSHAVSSD (SEQ ID 
fsj NO:30), with or without an N-terminal acetyl group and/or a C-terminal amide. Residues 

S capable of forming a lactam bond include lysine, ornithine (Orn), a-amino adipic acid, m- 

fU aminomethylbenzoic acid, ot,p-diaminopropionic acid, glutamate or aspartate. 

Methods for forming amide bonds are well known in the art and are based on 
20 well established principles of chemical reactivity. Within one such method, carbodiimide- 
mediated lactam formation can be accomplished by reaction of the carboxylic acid with 
DCC, DIC, EDAC or DCCI, resulting in the formation of an O-acylurea that can be reacted 
immediately with the free amino group to complete the cyclization. The formation of the 
inactive N-acylurea, resulting from 0-»N migration, can be circumvented by converting the 
25 O-acylurea to an active ester by reaction with an N-hydroxy compound such as 1- 
hydroxybenzotriazole, 1-hydroxysuccinimide, 1-hydroxynorbornene carboxamide or ethyl 2- 
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hydroximino-2-cyanoacetate. In addition to minimizing 0-»N migration, these additives 
also serve as catalysts during cyclization and assist in lowering racemization. Alternatively, 
cyclization can be performed using the azide method, in which a reactive azide intermediate 
is generated from an alkyl ester via a hydrazide. Hydrazinolysis of the terminal ester 
5 necessitates the use of a t-butyl group for the protection of side chain carboxyl functions in 
the acylating component. This limitation can be overcome by using diphenylphosphoryl acid 
(DPPA), which furnishes an azide directly upon reaction with a carboxyl group. The slow 
reactivity of azides and the formation of isocyanates by their disproportionation restrict the 
usefulness of this method. The mixed anhydride method of lactam formation is widely used 

10 because of the facile removal of reaction by-products. The anhydride is formed upon 
reaction of the carboxylate anion with an alkyl chloroformate or pivaloyl chloride. The 
attack of the amino component is then guided to the carbonyl carbon of the acylating 
component by the electron donating effect of the alkoxy group or by the steric bulk of the 
pivaloyl chloride t-butyl group, which obstructs attack on the wrong carbonyl group. Mixed 

15 anhydrides with phosphoric acid derivatives have also been successfully used. Alternatively, 
cyclization can be accomplished using activated esters. The presence of electron 
withdrawing substituents on the alkoxy carbon of esters increases their susceptibility to 
aminolysis. The high reactivity of esters of p-nitrophenol, N-hydroxy compounds and 
polyhalogenated phenols has made these "active esters" useful in the synthesis of amide 

20 bonds. The last few years have witnessed the development of benzotriazolyloxytris- 
(dimethylamino)phosphonium hexafluorophosphonate (BOP) and its congeners as 
advantageous coupling reagents. Their performance is generally superior to that of the well 
established carbodiimide amide bond formation reactions. 

Within a further embodiment, a thioether linkage may be formed between 

25 the side chain of a thiol-containing residue and an appropriately derivatized ct-amino acid. 
By way of example, a lysine side chain can be coupled to bromoacetic acid through the 
carbodiimide coupling method (DCC, ED AC) and then reacted with the side chain of any 
of the thiol containing residues mentioned above to form a thioether linkage. In order to 



22 



form dithioethers, any two thiol containing side-chains can be reacted with dibromoethane 
and diisopropylamine in DMR Examples of thiol-containing linkages are shown below: 




Cyclization may also be achieved using 5i,5r-Ditryptophan (i.e., Ac- Trp- 
Glv-Glv-Trp -OMe) (SEQ ID NO:53), as shown below: 




Representative structures of cyclic peptides are provided in Figure 3. 
Within Figure 3, certain cyclic peptides having the ability to modulate cell adhesion 
(shown on the left) are paired with similar inactive structures (on the right). The structures 
and formulas recited herein are provided solely for the purpose of illustration, and are not 
intended to limit the scope of the cyclic peptides described herein. 

As noted above, a modulating agent may consist entirely of one or more cyclic 
peptides, or may contain additional peptide and/or non-peptide sequences, which may be 
linked to the cyclic peptide(s) using conventional techniques. Peptide portions may be 
synthesized as described above or may be prepared using recombinant methods. Within such 



23 



methods, all or part of a modulating agent can be synthesized in living cells, using any of a 
variety of expression vectors known to those of ordinary skill in the art to be appropriate for 
the particular host cell Suitable host cells may include bacteria, yeast cells, mammalian cells, 
insect cells, plant cells, algae and other animal cells (e.g., hybridoma, CHO, myeloma). The 
DNA sequences expressed in this manner may encode portions of an endogenous cadherin or 
other adhesion molecule. Such sequences may be prepared based on known cDNA or 
genomic sequences (see Blaschuk et al., J. Mol Biol 277:679-682, 1990), or from sequences 
isolated by screening an appropriate library with probes designed based on the sequences of 
known cadherins. Such screens may generally be performed as described in Sambrook et al, 
Molecular Cloning: A Laboratory Manual Cold Spring Harbor Laboratories, Cold Spring 
Harbor, NY, 1989 (and references cited therein). Polymerase chain reaction (PCR) may also 
be employed, using oligonucleotide primers in methods well known in the art, to isolate 
nucleic acid molecules encoding all or a portion of an endogenous adhesion molecule. To 
generate a nucleic acid molecule encoding a peptide portion of a modulating agent, an 
endogenous sequence may be modified using well known techniques. For example, portions 
encoding one or more CAR sequences may be joined, with or without separation by nucleic 
acid regions encoding linkers, as discussed above. Alternatively, portions of the desired 
nucleic acid sequences may be synthesized using well known techniques, and then ligated 
together to form a sequence encoding a portion of the modulating agent. 

As noted above, portions of a modulating agent may comprise an antibody, 
or antigen-binding fragment thereof, that specifically binds to a CAR sequence. As used 
herein, an antibody, or antigen-binding fragment thereof, is said to "specifically bind" to a 
CAR sequence (with or without flanking amino acids) if it reacts at a detectable level 
(within, for example, an ELISA, as described by Newton et al., Develop. Dynamics 197:\- 
13, 1993) with a peptide containing that sequence, and does not react detectably with 
peptides containing a different CAR sequence or a sequence in which the order of amino 
acid residues in the cadherin CAR sequence and/or flanking sequence is altered. 

Antibodies and fragments thereof may be prepared using standard techniques. 
See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor 
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I 

! 
i 

Laboratory, 1988. In one such technique, an immunogen comprising a CAR sequence is 
initially injected into any of a wide variety of mammals (e.g., mice, rats, rabbits, sheep or 
goats). Small immunogens (i.e., less than about 20 amino acids) should be joined to a carrier 
protein, such as bovine serum albumin or keyhole limpet hemocyanin. Following one or more 
5 injections, the animals are bled periodically. Polyclonal antibodies specific for the CAR 
sequence may then be purified from such antisera by, for example, affinity chromatography 
using the modulating agent or antigenic portion thereof coupled to a suitable solid support. 

Monoclonal antibodies specific for a CAR sequence may be prepared, for 
example, using the technique of Kohler and Milstein, Eur. J. Immunol 5:511-519, 1976, 

10 and improvements thereto. Briefly, these methods involve the preparation of immortal cell 
lines capable of producing antibodies having the desired specificity from spleen cells 
obtained from an animal immunized as described above. The spleen cells are immortalized 
by, for example, fusion with a myeloma cell fusion partner, preferably one that is syngeneic 
with the immunized animal. Single colonies are selected and their culture supernatants 

15 tested for binding activity against the modulating agent or antigenic portion thereof. 
Hybridomas having high reactivity and specificity are preferred. 

Monoclonal antibodies may be isolated from the supernatants of growing 
hybridoma colonies, with or without the use of various techniques known in the art to 
enhance the yield. Contaminants may be removed from the antibodies by conventional 

20 techniques, such as chromatography, gel filtration, precipitation, and extraction. 

Antibodies having the desired activity may generally be identified using 

immunofluorescence analyses of tissue sections, cell or other samples where the target 

cadherin is localized. 

Within certain embodiments, monoclonal antibodies may be specific for 

25 particular cadherins (e.g., the antibodies bind to E-cadherin, but do not bind significantly to 

N-cadherin, or vise versa). Such antibodies may be prepared as described above, using an 

immunogen that comprises (in addition to the HAV sequence) sufficient flanking sequence 

to generate the desired specificity (e.g., 5 amino acids on each side is generally sufficient). 

One representative immunogen is the 15-mer FHLRAHAVDINGNQV-NH 2 (SEQ ID 

25 
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NO:54), linked to KLH (see Newton et al., Dev. Dynamics 197:1-13, 1993). To evaluate 
the specificity of a particular antibody, representative assays as described herein and/or 
conventional antigen-binding assays may be employed. Such antibodies may generally be 
used for therapeutic, diagnostic and assay purposes, as described herein. For example, 

5 such antibodies may be linked to a drug and administered to a mammal to target the drug to 
a particular cadherin-expressing cell, such as a leukemic cell in the blood. 

Within certain embodiments, the use of antigen-binding fragments of 
antibodies may be preferred. Such fragments include Fab fragments, which may be 
prepared using standard techniques. Briefly, immunoglobulins may be purified from rabbit 

10 serum by affinity chromatography on Protein A bead columns (Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988; see especially 
page 309) and digested by papain to yield Fab and Fc fragments. The Fab and Fc 
fragments may be separated by affinity chromatography on protein A bead columns 
(Harlow and Lane, 1988, pages 628-29). 

1 5 Evaluation of Modulating Agent Activity 

As noted above, cyclic peptides and other modulating agents as described 
herein are capable of modulating classical cadherin-mediated cell adhesion, particularly N- 
cadherin-mediated adhesion. The ability of a modulating agent to modulate cell adhesion 
may generally be evaluated in vitro by assaying the effect of the cyclic peptide on adhesion 

20 of one or more cells that express a classical cadherin, such as cancer cells. 

An initial screen for the ability to modulate classical cadherin-mediated cell 
adhesion may be performed by evaluating the ability of a modulating agent to bind to a 
classical cadherin using any binding assay known to those of ordinary skill in the art. For 
example, a Pharmacia Biosensor machine may be used, as discussed in Jonsson et al., 

25 Biotechniques 77:520-27, 1991. A specific example of a technology that measures the 
interaction of peptides with molecules can be found in Williams et al., J. Biol Chem. 272, 
22349-22354, 1997. Alternatively, real-time BIA (Biomolecular Interaction Analysis) uses 
the optical phenomenon surface plasmon resonance to monitor biomolecular interactions. 
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The detection depends upon changes in the mass concentration of macromolecules at the 
biospecific interface, which in turn depends upon the immobilization of test molecule or 
peptide (referred to as the ligand) to the surface of a Biosensor chip, followed by binding of 
the interacting molecule (referred to as the analyte) to the ligand. Binding to the chip is 
measured in real-time in arbitrary units of resonance (RU). 

By way of example, surface plasmon resonance experiments may be carried 
out using a BIAcore X™ Biosensor (Pharmacia Ltd., BIAcore, Uppsala, Sweden). Parallel 
flow cells of CM 5 sensor chips may be derivatized, using the amine coupling method, with 
streptavidin (200|ag/ml) in lOmM Sodium Acetate, pH 4.0, according to the manufacturer's 
protocol. Approximately 2100-2600 resonance units (RU) of ligand may be immobilized, 
corresponding to a concentration of about 2.1-2.6 ng/mm 2 . The chips may then coated be 
with a classical cadherin (or portion thereof) derivatized to biotin. Any non-specifically 
bound protein is removed. 

To determine binding, test analytes (e.g., peptides containing the CAR 
sequence) may be placed in running buffer and passed simultaneously over test and control 
flow cells. After a period of free buffer flow, any analyte remaining bound to the surface 
may be removed with, for example, a pulse of 0.1% SDS bringing the signal back to 
baseline. Specific binding to the derivatized sensor chips may be determined automatically 
by the system by subtraction of test from control flow cell responses. In general, a 
modulating agent binds to a classical cadherin at a detectable level within such as assay. 
The level of binding is preferably at least that observed for the fall length classical cadherin 
under similar conditions. 

To confirm modulation of cell adhesion, cells that express a classical 
cadherin may be used. A "cadherin-expressing cell," as used herein, may be any type of 
cell that expresses at least one cadherin on the cell surface at a detectable level, using 
standard techniques such as immunocytochemical protocols (Blaschuk and Farookhi, Dev. 
Biol. 136:564-567, 1989). Cadherin-expressing cells include endothelial (e.g., bovine 
pulmonary artery endothelial cells), epithelial and/or cancer cells (e.g., the human ovarian 
cancer cell line SKOV3 (ATCC #HTB-77)). For example, such cells may be plated under 
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standard conditions that permit cell adhesion in the presence and absence of modulating 
agent (e.g., 500 |ig/mL). Disruption of cell adhesion may be determined visually within 24 
hours, by observing retraction of the cells from one another. In general, a modulating agent 
is an inhibitor of cell adhesion if, within such an assay, contact of the test cells with 500 ju, 
5 g/mL of the modulating agent results in a discernible disruption of cell adhesion. For use 
within the methods provided herein, a modulating agent should disrupt adhesion of at least 
one type of cancer cell. 

Modulating Agent Modification and Formulations 

A modulating agent as described herein may, but need not, be linked to one or 

10 more additional molecules. For example, although modulating agents as described herein 
may preferentially bind to specific tissues or cells, and thus may be sufficient to target a 
desired site in vivo, it may be beneficial for certain applications to include an additional 
targeting agent. Accordingly, a targeting agent may also, or alternatively, be linked to a 
modulating agent to facilitate targeting to one or more specific tissues. As used herein, a 

15 "targeting agent,' 1 may be any substance (such as a compound or cell) that, when linked to a 
modulating agent enhances the transport of the modulating agent to a target tissue, thereby 
increasing the local concentration of the modulating agent. Targeting agents include 
antibodies or fragments thereof, receptors, ligands and other molecules that bind to cells of, 
or in the vicinity of, the target tissue. Known targeting agents include serum hormones, 

20 antibodies against cell surface antigens, lectins, adhesion molecules, tumor cell surface 
binding ligands, steroids, cholesterol, lymphokines, fibrinolytic enzymes and those drugs and 
proteins that bind to a desired target site. Among the many monoclonal antibodies that may 
serve as targeting agents are anti-TAC, or other interleukin-2 receptor antibodies; 9.2.27 and 
NR-ML-05, reactive with the 250 kilodalton human melanoma-associated proteoglycan; and 

25 NR-LU-10, reactive with a pancarcinoma glycoprotein. An antibody targeting agent may be 
an intact (whole) molecule, a fragment thereof, or a functional equivalent thereof. Examples 
of antibody fragments are F(ab f )2, -Fab', Fab and F[v] fragments, which may be produced by 
conventional methods or by genetic or protein engineering. Linkage is generally covalent 
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and may be achieved by, for example, direct condensation or other reactions, or by way of bi- 
or multi-functional linkers. Within other embodiments, it may also be possible to target a 
polynucleotide encoding a modulating agent to a target tissue, thereby increasing the local 
concentration of modulating agent. Such targeting may be achieved using well known 
5 techniques, including retroviral and adenoviral infection. 

For certain embodiments, it may be beneficial to also, or alternatively, link a 
drug to a modulating agent. As used herein, the term "drug" refers to any bioactive agent 
intended for administration to a mammal to prevent or treat a disease or other undesirable 
condition. Drugs include hormones, growth factors, proteins, peptides and other compounds. 
10 Within certain aspects of the present invention, one or more modulating 

agents as described herein may be present within a pharmaceutical composition. A 
pharmaceutical composition comprises one or more modulating agents in combination with 
one or more pharmaceutically or physiologically acceptable carriers, diluents or excipients. 
Such compositions may comprise buffers (e.g., neutral buffered saline or phosphate 
15 buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol, 
proteins, polypeptides or amino acids such as glycine, antioxidants, chelating agents such 
as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and/or preservatives. 
Within yet other embodiments, compositions of the present invention may be formulated as 
a lyophilizate. A modulating agent (alone or in combination with a targeting agent and/or 
20 drug) may, but need not, be encapsulated within liposomes using well known technology. 
Compositions of the present invention may be formulated for any appropriate manner of 
administration, including for example, topical, oral, nasal, intravenous, intracranial, 
intraperitoneal, subcutaneous, or intramuscular administration. For certain topical 
applications, formulation as a cream or lotion, using well known components, is preferred. 
25 For certain embodiments, as discussed below, a pharmaceutical composition 

may further comprise a modulator of cell adhesion that is mediated by one or more 
molecules other than cadherins. Such modulators may generally be prepared as described 
above, incorporating one or more non-cadherin CAR sequences and/or antibodies thereto in 
place of the cadherin CAR sequences and antibodies. Such compositions are particularly 
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useful for situations in which it is desirable to inhibit cell adhesion mediated by multiple 
cell-adhesion molecules, such as other members of the cadherin gene superfamily that are 
not classical cadherins (e.g., Dsg and Dsc); claudins; integrins; members of the 
immunoglobulin supergene family, such as N-CAM; and other uncategorized 
transmembrane proteins, such as occludin, as well as extracellular matrix proteins such as 
laminin, fibronectin, collagens, vitronectin, entactin and tenascin. Preferred CAR 
sequences for use are as described above. 

A pharmaceutical composition may also contain one or more drugs, which 
may be linked to a modulating agent or may be free within the composition. Virtually any 
drug may be administered in combination with a modulating agent as described herein for a 
variety of purposes as described below. Examples of types of drugs that may be administered 
with a modulating agents include analgesics, anesthetics, antianginals, antifungals, 
antibiotics, anticancer drugs (e.g., taxol or mitomycin C), antiinflammatories (e.g., ibuprofen 
and indomethacin), anthelmintics, antidepressants, antidotes, antiemetics, antihistamines, 
antihypertensives, antimalarials, antimicrotubule agents (e.g., colchicine or vinca alkaloids), 
antimigraine agents, antimicrobials, antiphsychotics, antipyretics, antiseptics, anti-signaling 
agents (e.g., protein kinase C inhibitors or inhibitors of intracellular calcium mobilization), 
antiarthritics, antithrombin agents, antituberculotics, antitussives, antivirals, appetite 
suppressants, cardioactive drugs, chemical dependency drugs, cathartics, chemotherapeutic 
agents, coronary, cerebral or peripheral vasodilators, contraceptive agents, depressants, 
diuretics, expectorants, growth factors, hormonal agents, hypnotics, immunosuppression 
agents, narcotic antagonists, parasympathomimetics, sedatives, stimulants, 
sympathomimetics, toxins (e.g., cholera toxin), tranquilizers and urinary antiinfectives. 
Preferred drugs are anticancer agents, or other drugs suitable for use in a cancer patient. 

The compositions described herein may be administered as part of a 
sustained release formulation (i.e., a formulation such as a capsule or sponge that effects a 
slow release of modulating agent following administration). Such formulations may 
generally be prepared using well known technology and administered by, for example, oral, 
rectal or subcutaneous implantation, or by implantation at the desired target site. Sustained- 
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release formulations may contain a cyclic peptide dispersed in a carrier matrix and/or 
contained within a reservoir surrounded by a rate controlling membrane (see, e.g., European 
Patent Application 710,491 A). Carriers for use within such formulations are biocompatible, 
and may also be biodegradable; preferably the formulation provides a relatively constant 

5 level of cyclic peptide release. The amount of modulating agent contained within a sustained 
release formulation depends upon the site of implantation, the rate and expected duration of 
release and the nature of the condition to be treated or prevented. 

Pharmaceutical compositions of the present invention may be administered 
in a manner appropriate to the disease to be treated (or prevented). Appropriate dosages 

10 and the duration and frequency of administration will be determined by such factors as the 
condition of the patient, the type and severity of the patient's disease and the method of 
administration. In general, an appropriate dosage and treatment regimen provides the 
modulating agent(s) in an amount sufficient to provide therapeutic and/or prophylactic 
benefit. Within particularly preferred embodiments of the invention, a modulating agent or 

15 pharmaceutical composition as described herein may be administered at a dosage ranging 
from 0.001 to 50 mg/kg body weight, preferably from 0.1 to 20 mg/kg, on a regimen of 
single or multiple daily doses. For topical administration, a cream typically comprises an 
amount of modulating agent ranging from 0.00001% to 1%, preferably 0.0001% to 0.2%, 
and more preferably from 0.0001% to 0.002%. Fluid compositions typically contain about 

20 10 ng/ml to 5 mg/ml, preferably from about 10 pg to 2 mg/mL modulating agent. 
Appropriate dosages may generally be determined using experimental models and/or 
clinical trials. In general, the use of the minimum dosage that is sufficient to provide 
effective therapy is preferred. Patients may generally be monitored for therapeutic 
effectiveness using assays suitable for the condition being treated or prevented, which will 

25 be familiar to those of ordinary skill in the art. 

Modulating Agent Methods of Use 

In general, the modulating agents and compositions described herein may be 
used for modulating the adhesion of cadherin-expressing cells (i.e., cells that express one or 
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more of E-cadherin, N-cadherin, P-cadherin, R-cadherin and/or other cadherin(s) containing 
the HAV sequence, including as yet undiscovered cadherins) in vitro and/or in vivo. As noted 
above, modulating agents may comprise a cyclic peptide containing a single HAV sequence, 
multiple HAV sequences in close proximity and/or an antibody (or an antigen-binding 
fragment thereof) that recognizes a cadherin CAR sequence. When it is desirable to also 
disrupt cell adhesion mediated by other adhesion molecules, a modulating agent may 
additionally comprise one or more CAR sequences bound by such adhesion molecules 
(and/or antibodies or fragments thereof that bind such sequences), preferably separated from 
each other and from the HAV sequence by linkers. As noted above, such linkers may or may 
not comprise one or more amino acids. Within the methods described herein, one or more 
modulating agents may generally be administered alone, or within a pharmaceutical 
composition. In each specific method described herein, as noted above, a targeting agent 
may be employed to increase the local concentration of modulating agent at the target site. 

The present invention provides methods for inhibiting the development of a 
cancer (i.e., for treating or preventing cancer and/or inhibiting metastasis) in a mammal. 
Cancers that may be treated using modulating agents provided herein include, but are not 
limited to, carcinomas, melanomas and leukemias. Preferably, a modulating agent prevents 
detectable tumor growth and results in a substantial decrease in tumor size (i.e., a reduction 
of at least 50%). 

A modulating agent may be administered alone or within a pharmaceutical 
composition. For melanomas and certain other accessible tumors, injection or topical 
administration as described above may be preferred. For ovarian cancers, administration 
may be achieved by flushing the peritoneal cavity with a composition comprising one or 
more modulating agents. Other tumors (e.g., bladder tumors, bronchial tumors or tracheal 
tumors) may be treated by injection of a modulating agent into the cavity. In other instances, 
the composition may be administered systemically, and targeted to the tumor using any of a 
variety of specific targeting agents, as described above. In general, the amount of modulating 
agent administered varies depending upon the method of administration and the nature of the 
cancer, but may vary within the ranges identified above. The effectiveness of the cancer 
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treatment or inhibition of metastasis may be evaluated using well known clinical 
observations such as the level of serum markers {e.g., CEA or PS A). 

The following Examples are offered by way of illustration and not by way 

of limitation. 
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EXAMPLE 1 
Preparation of Representative Cvclic Peptides 

This Example illustrates the solid phase synthesis of representative cyclic 

peptides. 

5 The peptides were assembled on methylbenzhydrylamine resin (MBHA 

resin) for the C-terminal amide peptides. The traditional Merrifield resins were used for 
any C-terminal acid peptides. Bags of a polypropylene mesh material were filled with the 
resin and soaked in dichloromethane. The resin packets were washed three times with 5% 
diisopropylethylamine in dichloromethane and then washed with dichloromethane. The 

10 packets are then sorted and placed into a Nalgene bottle containing a solution of the amino 
acid of interest in dichloromethane. An equal amount of diisopropylcarbodiimide (DIC) in 
dichloromethane was added to activate the coupling reaction. The bottle was shaken for 
one hour to ensure completion of the reaction. The reaction mixture was discarded and the 
packets washed with DMF. The N-a-Boc was removed by acidolysis using a 55% TEA in 

1 5 dichloromethane for 30 minutes leaving the TFA salt of the a-amino group. The bags were 
washed and the synthesis completed by repeating the same procedure while substituting for 
the corresponding amino acid at the coupling step. Acetylation of the N-terminal was 
performed by reacting the peptide resins with a solution of acetic anhydride in 
dichloromethane in the presence of diisopropylethylamine. The peptide was then side-chain 

20 deprotected and cleaved from the resin at 0°C with liquid HF in the presence of anisole as a 
carbocation scavenger. 

The crude peptides were purified by reversed-phase high-performance liquid 
chromatography. Purified linear precursors of the cyclic peptides were solubilized in 75% 
acetic acid at a concentration of 2-10mg/mL. A 10% solution of iodine in methanol was 

25 added dropwise until a persistent coloration was obtained. A 5% ascorbic acid solution in 
water was then added to the mixture until discoloration. The disulfide bridge containing 
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compounds were then purified by HPLC and characterized by analytical HPLC and by 
mass spectral analysis. 



EXAMPLE 2 
Disruption of Human Ovarian Cancer Cell Adhesion 

This Example illustrates the use of a representative cyclic peptide to disrupt 
adhesion of human ovarian cancer cells. 

The human ovarian cancer cell line SKOV3 (ATCC #HTB-77) expresses N- 
cadherin. SKOV3 cells were cultured in a modified MEM-based media containing 10% 
FCS. Cells were grown in T-250 culture flasks and maintained by periodic subculturing. 
Cyclic peptides were tested on cells grown in individual wells of 96-well culture dishes 
(surface area of each well was 0.32cm 2 ). Cells were harvested from flasks and seeded at a 
density of 50,000 cells per well in O.lmL media containing the cyclic peptides at 
concentrations of 1, 0.1, or 0.01 mg/mL, or in the absence of cyclic peptide. Media control 
wells were also established. Cultures were evaluated periodically by microscopic 
examination under both bright field and phase contrast conditions. Cultures were 
maintained for 48 hours. 

As shown in Figures 4A (compare to Figure 4C) and 5A, the peptide N-Ac- 
CHAVC -NH? (final concentration of 1 mg/mL media; SEQ ID NO: 10) disrupted SKOV3 
cell adhesion within 24 hours, whereas the control N-Ac-CHGVC-NH 2 (SEQ ID NO: 11) 
had no affect on cell adhesion (Figures 4B and 5B). The effect of different amounts of N- 
Ac -CHAVC -NH? (SEQ ID NO: 10) after 48 hours is shown in Figures 4D-F. In the 
presence of N-Ac-CHGVC-NH 2 , (Figures 4B and 5B; SEQ ID NO: 11) the SKOV3 cells 
formed tightly adherent monolayers. In contrast, the SKOV3 cells did not spread onto the 
substrata, nor did they form tightly adherent monolayers in the presence of N-Ac-CHAVC- 
NH 2 (Figures 4A, 4D and 5A; SEQ ID NO: 10). These data demonstrate that N-Ac- 
CHAVC- NH? (SEQ ID NO: 10) is capable of inhibiting the function of human N-cadherin. 
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The cyclic peptides N-Ac- CAHAVDIC -NH? (SEQ ID NO: 18), N-Ac- 
CAHAVDC -NH? (SEQ ID NO:19) and N-Ac- KHAVD -NH? (SEQ ID NO:12) were 
inactive in the SKOV3 cells, indicating that not all cyclic HAV-containing peptides are 
capable of disrupting cancer cell adhesion at concentrations of 0.01-1 mg/mL It is not 
5 unexpected that the potencies of the cyclic peptides will vary. 

EXAMPLE 3 
Disruption of Human Ovarian Cancer Cell Adhesion 

This Example further illustrates the ability of representative cyclic peptides 
to disrupt human ovarian cancer cell adhesion. 

10 The human ovarian cancer cell line OVCAR-3, which expresses E-cadherin, 

was used in these experiments. Cells were cultured in RPMI supplemented with insulin 
and containing 20% FCS. Cells were grown in T-250 culture flasks and maintained by 
periodic subculturing. Cells were harvested from flasks and seeded in individual wells of 
96-well culture dishes (surface area of each well was 0.32cm 2 ) at a density of 50,000 cells 

15 per well in 0.1 ml media containing the cyclic peptides (at concentrations of 1, 0.1, or 
O.Olmg/ml). Media control wells were also established. Cultures were evaluated 
periodically by microscopic examination under both bright field and phase contrast 
conditions, and were maintained for 48 hours. N-Ac- CHAVC -NH? (SEQ ID NO:10) was 
found to be inactive within this assay at these concentrations. However, the cyclic peptide 

20 N-Ac- CHAVSC -NH? (SEQ ID NO:25) disrupted OVCAR-3 adhesion (Figures 6A-C)). 
This data demonstrates that N-Ac- CHAVSC -NH? (SEQ ID NO:25) specifically affects 
cells that express E-cadherin. 

EXAMPLE 4 
Disruption of Melanoma Cell Adhesion 

25 This Example illustrates the ability of a representative cyclic peptide to 

disrupt melanoma cell adhesion. 
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Melanoma ME115 cells (kindly provided by Meenhard Herlyn, Wistar 
Institute, Philadelphia, PA), which express N-cadherin were plated on glass coverslips and 
cultured for 24 hours in 50% keratinocyte growth medium (Clonetics, San Diego, CA) and 
50% LI 5. Fresh medium containing the cyclic peptides (final concentration 500 jug/mL 

5 media) N-Ac- CHAVC -NH? (SEQ ID NO: 10) or N-Ac-CHGVC-NH 2 (SEQ ID NO:ll) was 
then added. Following 24 hours of culture in the presence of the peptides, the medium was 
removed and fresh medium containing the peptides was added. The cells were fixed 24 
hours later with cold methanol and stored in phosphate buffered saline (PBS). 

Coverslips were blocked for 1 hour in 3% ovalbumin/PBS and incubated for 

10 a further 1 hour in the presence of rabbit pan-cadherin antibody (Sigma Chemical Co., St. 
Louis, MO) diluted 1:500. Primary and secondary antibodies were diluted in PBS 
containing 6% normal goat serum. Following incubation in the primary antibody, 
coverslips were washed 3 times for 5 minutes each in PBS and incubated for 1 hour in goat 
anti-rabbit immunoglobulin G conjugated to fluorescein (Kiekegard and Perry, South San 

15 Francisco, CA) diluted 1:100. Following a further wash in PBS (3x5 minutes) coverslips 
were mounted in Vectashield (Vector Labs, Burlingame, CA) and viewed with a Zeiss 
infinity corrected microscope. 

Photographs, shown in Figure 7, show an absence of cell membrane staining 
and the appearance of bright intracellular vesicular staining in cells treated with N-Ac- 

20 CHAVC -NFb (SEQ ID NO: 10). In contrast, cells exposed to N-Ac-CHGVC-NH 2 (SEQ ID 
NO:ll) displayed cadherin staining all over the cell membrane. Occasionally, the staining 
concentrated at points of cell-cell contact. These results indicate that the representative 
cyclic peptide N-Ac- CHAVC -NH? (SEQ ID NO: 10) disrupts melanoma cell adhesion. 

EXAMPLE 5 

25 Disruption of Breast Cancer Cell Adhesion 

This Example illustrates the ability of a representative cyclic peptide to 
disrupt human breast epithelial cell adhesion. 
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A1N4 human breast epithelial cells (kindly provided by Martha Stampfer, 
Lawrence Berkeley Laboratory, Berkeley, CA) which express E-cadherin were plated on 
glass coverslips and cultured in F12/DME containing 0.5% FCS and 10 ng/mL EGF for 24 
hours. Fresh medium containing the cyclic peptides (final concentration 500|ig/mL media) 
5 N-Ac- CHAVC -NH? (SEQ ID NO:10) or N-Ac- CHGVC -NH? (SEQ ID NO:ll) was then 
added. Following 24 hours of culture in the presence of the peptides, the medium was 
removed and fresh medium containing the peptides was added. The cells were fixed 24 
hours later with cold methanol and stored in phosphate buffered saline (PBS). 

Coverslips were blocked for 1 hour in 3% ovalbumin/PBS and incubated for 
10 a further 1 hour in the presence of 1 \xg/mL mouse anti-E-cadherin antibody (Zymed, 
Gaithersburg, MD). Primary and secondary antibodies were diluted in PBS containing 6% 
3 normal goat serum. Following incubation in the primary antibody, coverslips were washed 

0 3 times for 5 minutes each in PBS and incubated for 1 hour with goat anti-mouse 

Q 

conjugated to fluorescein (Kiekegard and Perry, South San Francisco, CA) diluted 1:100. 
15 Following a further wash in PBS (3x5 minutes) coverslips were mounted in Vectashield 
(Vector Labs, Burlingame, CA) and viewed with a Zeiss infinity corrected microscope. 

Photographs, shown in Figures 8A and 8B, show reduced E-cadherin 
staining with a stitched appearance in cells treated with N-Ac- CHAVC -NH? (SEQ ID 
NO: 10). In addition, holes are present in the monolayer where the cells have retracted 
20 from one another. In contrast, cells exposed to N-Ac-CHGVC-NH 2 (SEQ ID NO: 11) 
displayed E-cadherin staining concentrated at points of cell-cell contact and formed a 
tightly adherent monolayer. 

EXAMPLE 6 
Chronic Toxicity Study 

25 This Example illustrates a toxicity study performed using a representative 

cyclic peptide. 



• 71 
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Varying amounts of H- CHAVC -NH? (SEQ ID NO: 10; 2 mg/kg, 20 mg/kg 
and 125 mg/kg) were injected into mice intraperitoneal^ every day for three days. During 
the recovery period (days 4-8), animals were observed for clinical symptoms. Body weight 
was measured (Table 22) and no significant differences occurred. In addition, no clinical 
5 symptoms were observed on the treatment or recovery days. Following the four day 
recovery period, autopsies were performed and no abnormalities were observed. 

EXAMPLE 7 
Stability of Cyclic Peptide in Blood 

This Example illustrates the stability of a representative cyclic peptide in 
1 0 mouse whole blood. 

jj 50 |d of a stock solution containing 12.5 ng/ml H- CHAVC -NH? (SEQ ID 

□ NO: 10) was added to mouse whole blood and incubated at 37°C. Aliquots were removed at 

I in 

£Q intervals up to 240 minutes, precipitated with acetonitrile, centrifuged and analyzed by 

lf t HPLC. The results (Table 2 and Figure 10) are expressed as % remaining at the various 

\ y 

M 1 5 time points, and show generally good stability in blood. 

ru 
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TABLE 2 

Stability of Representative Cyclic Peptide in Mouse Whole Blood 



Time (Min.) 


Area 1 


Area 2 


Average 


% Remaining 


0 


341344 


246905 


294124.5 


100.00 


10 


308924 


273072 


290998 


98.94 


20 


289861 


220056 


254958.5 


86.68 


30 


353019 


310559 


331789 


112.81 


45 


376231 


270860 


323545.5 


110.00 


60 


373695 


188255 


280975 


95.53 


90 


435555 


216709 


326132 


110.88 


120 


231694 


168880 


200287 


68.10 


240 


221952 


242148 


232050 


78.90 



EXAMPLE 8 

Modulating Agent-Induced Reduction in Tumor Volume 
This Example illustrates the use of a modulating agent for in vivo tumor 

reduction. 

SKOV3 cells (ATCC) were grown to 70% confluence in Minimum Essential 
Medium (Life Technologies, Grand Island, NY) supplemented with 10% Fetal Bovine 
Serum (Wisent, St. Bruno, Quebec) in a humidified atmosphere containing 5% CO2. Cells 
were then dissociated with 0.02% PBS/EDTA. Total cell count and viable cell number was 
determined by trypan blue stain and a hemacytometer. 

Approximately 1 x 10 7 cells were resuspended in 400^1 saline and injected 
in 6-week-old CD-I nude mice (female, Charles River) subcutaneously. After 20 days of 
continuous tumor growth, tumor size was about 4.0 mm. The tumor-bearing animals were 
then injected intraperitoneally every day for 4 consecutive days with 20mg/kg of the 
representative peptide modulating agent N-Ac- CHAVC -NH? (SEQ ID NO: 10) and saline, 
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for experimental and control respectively. Mice were sacrificed by cervical dislocation 4 
days after final injection. 

Tumor tissue was dissected and fixed in PBS with 4% paraformaldehyde for 
48 hours. Specimens were then dehydrated in a series of alcohol incubations, and 
5 embedded in paraffin wax. Tissues were sectioned, rehydrated and stained with 
hematoxylin/eosin for morphological purposes. Representative sections obtained from 
treated and untreated mice are shown in Figures 11B and 11 A, respectively. 

Figure 12 presents the results in graph form, showing the percent reduction 
in tumor volume over the four day treatment period. These data indicate that treatment 
10 with the cyclic peptide modulating agent prevents detectable tumor growth and results in a 
substantial decrease in tumor size, in comparison to the control. 

Within similar experiments, tumor-bearing nude mice as described above 
J3 were injected intraperitoneal^ with 2 mg/kg of the representative peptide modulating agent 

"=■.=1 

in N-Ac- CHAVC -NH? (SEQ ID NO: 1 0) and saline, for experimental and control respectively. 

S 15 Injections were performed every day for 4 days. Mice were sacrificed 24 hours after the 

ri: I 

v 4 last injection. Tumor tissue was fixed, sectioned and stained as described above. 

s_ Representative sections obtained from treated and untreated mice are shown in Figures 13 A 

M and 13B, respectively. 

% Figures 14 and 15 show close up images of the effect of the modulating 

u 20 agent on tumor blood vessels. In Figure 14, red blood cells can be seen leaking into the 

ru 

tumor mass. Figure 15 shows a blood vessel that has been breached and blood cells 
gathering and escaping at that point. 

To further demonstrate the effect of the representative modulating agent N- 
Ac- CHAVC -NH? (SEQ ID NO: 10) on tumor blood vessels, sections of the tumors described 
25 above were stained for Von Willebrand Factor VIII, a blood vessel-specific marker. An 
untreated tumor is shown in Figure 16, and a treated tumor section is shown in Figure 17. 
Taken together, these results clearly demonstrate that the representative modulating agent is 
capable of damaging tumor blood vessels and stopping tumor growth in vivo. 
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EXAMPLE 9 
Disruption of Angiogenesis 

Blood vessels are composed of adherent endothelial cells. This Example 
illustrates the use of a representative cyclic peptide to block angiogenesis (the growth of 
5 blood vessels from pre-existing blood vessels). 

The chick chorioallantoic membrane assay was used to assess the effects of 
cyclic peptides on angiogenesis (Iruela-Arispe et al., Molecular Biology of the Cell 6:327- 
343, 1995). Cyclic peptides were embedded in a mesh composed of vitrogen at 
concentrations of 3, 17, and 33 |ag/mesh. The meshes were then applied to 12-day-old 
10 chick embryonic chorioallantoic membranes. After 24 hours, the effects of the peptides on 
angiogenesis were assessed by computer assisted morphometric analysis. 
^ The ability of representative cyclic peptides to inhibit angiogenesis is 

□ illustrated by the results presented in Table 3. For each concentration of cyclic peptide, the 

? g percent inhibition of angiogenesis (relative to the level of angiogenesis in the absence of 

15 cyclic peptide) is provided. Assays were performed in the presence (+) or absence (-) of 

fU 

H O.OlmM VEGF. For example, the cyclic peptide N-Ac- CHAVC -NH? (SEQ ID NO: 10) 

£2 inhibited angiogenesis by 46%, 51%, and 51% at concentrations of 3, 17, and 33 (ig/mesh, 

J respectively. The N-cadherin selective peptides N-Ac- CAHAVDIC -NH? (SEQ ID NO: 18) 

^ and N-Ac- CAHAVDC -NH? (SEQ ID NO: 19) also inhibited angiogenesis significantly, 

fy 20 The E-cadherin selective cyclic peptides N-Ac- CHAVSC -NH? (SEQ ID NO:25) and N-Ac- 

CSHAVSSC -NH? (SEQ ID NO:27), as well as the scrambled peptide N-Ac- CVAHC -NH? 

(SEQ ID NO: 15), were found to be relatively inactive in this assay. 
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TABLE 3 



Concentration, jug / mesh + VEGF 


Compound 


3(-) 


3(+) 


17(-J 


!/(+) 






H-CHAVC-NH? 

X X V/X X.2. X T \S ±. ~ X X^ 


11% 


27% 


13% 


34% 


17% 


35% 


/euro TP* XTfV1 fi\ 














N-Ac-CHAVSC-NH? 


11% 


17% 


12% 


16% 


17% 


19% 
















N-Ac-CVAHC-NH? 


-1% 


7% 


* 13%> 


24% 


12% 


25% 
















N-Ac-CHAVC-NHo 


12% 


46% 


22% 


51% 


28% 


51% 
















N-Ac-CAHAVDIC-NH, 


-1% 


21% 


15% 


37% 


33% 


49% 


(SEQ ID NO: 18) 














N-Ac-CAHAVDC-NH? 


21% 


59% 


27% 


72% 


31% 


79% 


(SEQIDN0:19) 














N-Ac-CSHAVSSC-NH? 


1% 


-3% 


-3% 


12% 


17% 


7% 


(SEQ ID NO:27) 















EXAMPLE 10 
Induction of Apoptosis in Cancer Cells 

This Example illustrates the use of a representative modulating agent for 
killing human ovarian cancer cells. 

SKOV3 human ovarian cancer cells cultured in the presence of either N-Ac- 
CHAVC -NH? (SEQ ID NO: 10) or a control peptide fN-Ac- CHGVC -NH?; SEQ ID NO:ll) 
in MEM with 10% FBS were plated onto poly-L-lysine coated glass slides. The cells were 
cultured for 24 or 48 hours and fixed with 4% paraformaldehyde for 30 minutes at room 
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temperature. The slides were then washed three times with PBS and assessed for cell 

death. Cells were treated with 0.5 or 0.25 mg/mL ofN-Ac- CHAVC -NH? (SEQ ID NO: 10) 

or the control N-Ac- CHGVC -NH? (SEQ ID NO: 11), as indicated. Cell death was 

measured as described by Gavrieli et al, 1 Cell Biol 779:493-501 , 1992 and using the In 

situ cell death detection kit (Boehringer Mannheim; Laval, Quebec). 

Figures 18A-18D show the results of such an assay, in which the cells were 

treated with the peptides for 48 hours. The fluorescent green nuclei evident in Figures 18C 

and 18D (cells treated with N-Ac- CHAVC -NH? (SEQ ID NO: 10)) indicate that the cells are 

dead. In contrast, cells treated with the control peptide (Figures 3 OA and 3 0B) did not die. 

A bar graph further illustrating the ability of N-Ac- CHAVC -NH? (SEQ ID NO: 10) to 

induce apoptosis is shown in Figure 19. These observations indicate that this cyclic peptide 

can cause human ovarian cancer cell death. 

From the foregoing, it will be evident that although specific embodiments of 
the invention have been described herein for the purpose of illustrating the invention, various 
modifications may be made without deviating from the spirit and scope of the invention. 
Accordingly, the present invention is not limited except as by the appended claims. 
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